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EDITORIAL 
FEDERALISM & ACOUSTICS 

The Au"'r~lian community is currelltly enmeshed in contToYllrsy over the relative roles 01 State 
81ld federal responsibillties. The simplistic concept is that the decision. should be made as closely 
85 possible to those most directly affected. and preferably by thoS!! who ultimately experience the 
effects of thos!! decisions. The desideratum is that commitments for others should not be 
undertaken by those remote from the scene and relatively unaffected by the consequences. The 
AAS should clearly be thinking of how implementation of such principles may affect the issues in 
which it is interested; partiCIJlarly this would seem to be aspects of noise control. 

In recent years there has birnnan upsllrge of interest and activity in regard to the limitation of 
noise for improvement of the environment, particularly in our cities. It has culminated in the 
enactment of h;gislation, and the Society has played its part both as an organ~ation and through 
its individual members. This work is far from done for there remains a great deal to be completed 
by way of the compilation of realistic and enforceable regulation! witllin tile coverage provided by 
present enabling legislation, wllicl1 of necessity touclles liglltly on tile intricate problems of a 
complel': technical subject. Tllere is need to consider tile viability of sucll regUlations from a 
national ratl1er than a parOchial viewpoint. 

So many problemsllava arisen in other areas mat tllere is prEcedent enougll for tile Society and its 
members to recognise tile risks of inadequate foretllougllt. No·one suggem tllat Australia will be 
afflicted again by regional decisions with sycll unfortunate results as occurred wilen eaell nate went 
it! own way willi railway gauges. Nevartlleless, tllere are aspects of noise control regulation that 
may lead to cmtly coruequences if based on a multiplicity of uncoordinated local decisions. 

Difficulties can clearly arise with manufactured products that are to be marketed througllout the 
country as a wllole. It is easy to tllink in terms of motor vehicle~ not only because they are a major 
source of noise .mnoyance and are distributed nationally, but because tlley also are e>dremely 
mobile. Not orlly will they n ..... d to conform to tile noise emission requirements for neW veIlicies 
{whicll are likely to be !1tandardised throughout tile states by reason of tile interstare co·operation 
organised througll tile Australian Transport Advisory Councill, but tlley may welillave to satisfy 
additional vellicle"in-use teSt! tllroughout tlleir life. Long after their initial sale tlley may turn up 
anywllere b~een Cape Yerk and Cape Leeuwin. 

TMse are tile self-evident situations, and as a result are the ones most likely to receive foretllougllt 
and be resolved. It is tile less obvious situations mat can be overlooked an;:! for wllich it is likely 
to be difficult to gain public and political support. Tllese include methods of measurement, test 
procedures, and measuring instrument performances. In tile complex art of acoustics the result! 
obtained may depand significantly on the characteristics of the measuring equipment and it! 
metlled of use. Tile test environment can alia be a major influence in acoustic measurement!, 
wllich is often not tile case witll other pllysical meawremOl"l1s wllere tile sllapa and materials of 
construction of tile test space are usually inconsequential. 

It may be quite useless, for instance, to !1tipulate· a standard value for tile sound attenuation of an 
item of construction required for some specific purpose throughout Australia unless there is 
clearLy stated wllettlerdetermination of tile value is to be made in ttle field or in tile laboratory, 
and wllat are tile essential parameters of tile procedure. Similarly, determination of the sound 
power of, say, a diesel eng ina, from whiclltlle sound lavels can be derived for many diffe",nt 
situations, requires careful specification of the conditions of measurement. 

We cannot sllrug off tllese problams by saying tllat standardisation on a national level is a matter 
for the Standards Association of Australia, and tllat tile situation is firmly in hand. Tllere is 
unlikely to be mucll popular support - to wllicll even SAA must respond even if indirectly - in 
ca!ll!$ Where tile product may be used by only a Ilandful of people throughout Aurtralia. It is 
incumbent on the Society and its members to point out at all times tile dependence of effectiva 
'lOisecontrol on soundly prepared basic practices and procedures. 

E. T. WESTON 
Editorial Subcommitt"" 
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Owing to the very limited time available to me to write a oolumn for this issue, I 
have confined it to a few notes on overseas events that m~y b~ of intern\! to 
members, Firstly, Inter-noise 76, which was held in Washington D.C. during April 
placed emphasis on noise problems associated with transportation. An interesting 
aspect of Ihe conference w •• the use of "noise dinics" as after-dinner sessions, in 
which a p"nelled the delegates in deb"te on the pros and com of various 
"solutions" to noi'e problems. The ·91 ,t meeting of the Acou'tlcal Society of 
America w"s ,,1'0 held in Washington, during the ,arne period '" Inter-noise, and two 
joint session, had been a"anged,both of which w"re very sU<XessfuL 

Whilst in England, I attended a meeting of the Council of the Institute of Acoustics 
It Wa$ of interest to me to observe the similarity of matten under consideration to 
those considered in oUr own Council meetings. Howe~er, in comp.rison, the 
Institute of Acoustics' Council meeting wa, of commendably short duration - but 
I W",assured thiswas.n exception "nd definitely not a rulel 

With regard 10 the topic I am studying whil't oversea'. noise abatement legi,lation, 
it is also of Interest to note the similarity of many of the techni cal difficulties 
being experienced in the United State~ and England to those being experienced in 
Australia. For example, which of the many available indices will best predict the 
extent of noi'e induced annoyance being, or likely 10 be, experienced by 
communitie" At present, the equi~alent $ound level or some modification of it, 
sometime$ in association with an absolute maximum sound level during the night 
hours, is favoured and h"s been introduced by regulation in both the United States 
and England. Those involved in construction and demolition work and in the 
control of noise from it in the latter countrv areconcemed that theeq uivalent 
sound level may not be the best index owing partly to the unpredictab ilityofwhen 
yiven activities will occur on oonstruction and demolition sitel. 

In California, a great deal" being done to limit the noise from motor vehicles by 
the Californian Highway Patrol. This Patrol has been in~olved with motor vehicle 
nOise since Ihe 1940sand has e'tablished stringent emission limits for new and 
"on highway" ~ehides. Traffic streams are monitored for noisy vehicles by teams of 
traffic patrol officers carrying a simpl~ sound level meter and any driver of a 
vehicle found to be exceeding the relevant emission limit is either issued with ~ 
work order or, in special circumst.:mcQs, fined under the appropriate section of the 
regulations. In addiliontothese measures, the Highway Patrol has developed a 
method of test for nsse.sing the extent of noise mductlon achle~"d by mufflers and, 
from 1977, will be requiring all muffler manufaclurers 10 market their product 
accomp"nied by a statement of performance. 

I hope to report on Some further aspects of noise abatement legislat ion in th"n"xt 
issue, P<lrticularly those measures being used in Europe and Japan. 

(Carolyn Math"r) 
PRESIDENT 
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SA OCCUPATIONAL NOISE LEGISLATION 
The SA Government has passed legislation dealing 

with worker exposurn to noj~e in industrial premises. 

Regulation 49 - Noise Le~els and Protection from 
Noise - is part of the Industrial Safety Code Regulations 
1975, and will be administered by the SA Department of 
Labour and Industry 

The Regulation w.s gazetted in June 1975, ami takes 
affect from ht September 1976, so that induo;try has been 
given approximately 15 months notice of what win be 
required. Many companies are <.lsing tllis time to assess tfleir 
work places and take steps to reduce noise levels where 

Further informatiar. and copies of Regulation 49 are 
available from: 

Department of Labour and Industry 
Adelaide House 
55WaymouthStreet 
ADELAIDE SA 5000 

REPRINTS OF TECHNICAL PAPERS, ARTICLES 

Printll'd copies of technical papers. notes and articles 
appearing in The BUlletin ere available as reprint> in mini· 
mum Quantities of 50. The COit per page is $7.00 for 50 
copies and $9.00 for 100 copies. Enquiries should be ad 
dressed to The Editor. The Bulletin 01 the Australian 
Acoustical Society, 157 Gloucester Street, Sydney. 2000. 

INSTITUTE OF ENGINEERS 
The Library of the institute of Engineers 057 

Gloucester Street. Sydney) has received the following 
reports. 

Construction site noise, by E.A.A. Akam, P. lawson. 
G.B. BRE. n CP57/75, June 1975. 

An international survey of rll'Search into road traffic 
noise. by W. E. Scholes, L. C Fothergill. G.B. BRE. n. 
CP 55/75, June 1975. 

Motorway noise and barriers, by W. E. Schole,. A. C. 
Salvidge, J. W. Sargent. D. J. Fisk. G.B. BRE, n. CP 
35/75, April 1975. 

Quieter demolition techniques, by A.A.B. Musannif 
G.B. SRE. n. CP66/75, July 1975. 

Noise Mea!iurement 
The measurement 01 noise performance facto", a metro· 
logy guide. U.s. NBS, Mono., n. 142, June 1974. 

NOISE DOSIMETRY - NSW MEETING 
Members are invited to attend an address bV Mr R. S. 

Brief entitled 'Noise Dosimettv and Related Problems'. 
Mr BrielisDirectorof Industrial Hvgiene within the Medical 
Department of Exxon Corporation. U.S.A 

The address commences at 4.00 pm on Thursday 
30th September. 1976, and will be held in the Conference 
Room, Mezzanine Floor. Esso House. 127 Kent Street, 
Sydney. Further information and booking details are avail· 
able from Phil Williams. (02) 239-4066. 

PROFESSOR ATHERLEY VISIT 

The New Soulll Wales Division of the National Safety 
Council of Australia has announced details of a luncheon at 
which the guest speaker will be Professor Gordon Atherley 

Professor Atherley establiShed the first chair of Safety 
and Hygiene at Aston University in 1971. He was formerly 
a Lecturer in Occupational and Pure and Applied Physics 
at the Universities of Manchester and Oxford, with a special 

The Smorgasbord luncheon and talk will be held at 
the International Function Centre at Sydney International 
Airport on Tuesday 31st August 1976 at 12.30 pm for 
1.00 pm. Applications and cheques for $9.00 should be 
forwarded to the NSCA Division office at 491 Kent Street, 
Sydney. Attendance is limited to 150 persons. 

NOISE CONTROL ENGINEERING AND NOISE! 
NEWS 

Published by the Institute of Noise Control 
Engineering in cO-<lperation with the Acoustical Society of 
America. 

The Institute of Noise Control Engineering (lNCE) 
announced two publications for all those interested in noise 
control. 

NOISE CONTROL ENGINEERING, initially pub 
lished quarterly and now bimonthly, began publication in 
the Summer of 1973. The first issue contains authoritative 
engineering article. on aircraft noise, community no,S<!, 
noise in buildings and noise measurements, noise control in 
the textile industry, and prinCiples of noise reduction. The 
second issue contains articies on noise legislation, standards, 
quietjetengines,noisebarrien,air conditioner noise, vehicle 
noise, and sound transmission. The third issue is devoted 
mainly to industrial and machinery noise. The fourth issue 
features articles on community noise in both the US and 
Europe, centrifugal pump noise in power plants, sound 
insulation. and the last in the three·part series on physical 
principles of noise reduction. 

NOISE/NEWS is a bimonthly publication whiCh start· 
ed in January 1972. For everyone interested in noise control 



and redllCtion, NOISE!NEWS C""'~S indrpth Libraries may sub""ribe to Noise Cunj",1 Engineering 
for olle year for $30.00 surface mail all" $36.50 oir mail; to 
Noise/News for olle year for $18.00 sufoC€ mail end 525.25 
airmail. 

on ellrr~nt acti~ities related to n,,;se conTrol, I1",VlS 01 :l01$" 

legislation and standards, item, hoon Th~ Fede,"1 H"gistel 
and Congressional Record, information Orl 
colltracts. lists of governmenT no"~ report,. "nd 
information 

Back is.ues of both publications"r" avo,lablf': S21 00 
for the first fOllr issues of Noise Coni",] En9ineering "flU 
$9.00 per six issues of Noi~e/News. Individuals may becom~ 

receive a one·year subscription to both No;,') Contrul 
Engineering and Noise/News frotn 530 ,,,rldee mall; $42.50 
airmail. 

All prices quoted are U.S. Currency 

NOISE CONTROL ENGINEERING, 9 Saddl~ R(J 
Cedar Knolls, New Jersey. 70927. U.S.A. 
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ACI Fibreglass has long been concerned 
with the problems of noise control. 

In facl, we have developed a number of 
products to help block noise on all sides. On 
walls, floors and ceilings. 

A couple of examples: 
Noise Stop Board. A high density 

acoustic underlay. Designed for use in floors, 
walls and partitions to reduce noise trans­
mission between outside and inside areas. 

Acoustic ceiling panels. A very attractive, 
decorative noise reduction system. Although 
designed to absorb noise, they also provide 
additional thermal insulation. 

As you can see from just these two 
products ACI Fibreglass has got all sides of 
the noise reduction problem covered. Your 
state ACI Fibreglass office would be most 
pleased to give you more information. 

Simply write or call. 

[j/j$JD/1 fibregiass I 



CONFERENCE & SVMPOSIUM 

ANNOUNCEMENTS 
AAS 1916 ANNUAL CONFERENCE 

Tile 1976 Annual Conference of the Society is to be 
held in Melbourne on September 17th & 18th. The theme 
for the Conference is, "Progress in Acoustics 1976". The 
emphasis will be on new developments since the September 
1975 Conference at Medlow Bath. 

Contributions are expected from the CSIRO, Uni­
versities, Government Departments, the Standards Associa­
tionand engineers involved in noiseoontrol. 

The Conference will be held at the National Science 
Centre, 191 Royal Parade. Parkville, Victoria. The pro­
gramme is as follOWS: 

Friday 6.00 pm Informal discussions with refresh-
menUal 7.30 pm 

6.30 pm Annual General Meeting of the 
Society 

7.30pm Dinner 

Saturdav 9.00 am Regi,tration 
9.20 am Opening Address 
9.30 am 

to4.30pm Technical Sessions. 

Further information: 
John Moffutt, 
Honorary Secretary, 
Victoria Division of the A.A.S., 
National Science Centre, 
191 Royal Parade, 

PARKVILLE, VICTORIA, 3052 

AUDITORY ASPECTS OF SPEECH & 
LANGUAGE 

The first cOlwention of the Australian A;sociation of 
Speech ;and Hearing entitled, "Auditory Aspe{;ts of Speech 
and Language", will be held in Sydney. The C(>nvention will 
be held in the Boulevard Hotel from the 5th to the 9th 
of July, 

About fifty papers are to be presented including 
papers by guest speakers Dr. D. Ling and Dr. A. H. Ling 
from the School of Human Communication Disorders, 
McGill University, Canada. Workshop sessions and a formid­
able social programme have also bee!larranged. 

Registration fees are $55,00 for members, $60.00 
for !lon·members and $30.00 for students. The half d~y 
rate is $8.00. (Accommodation and social progr;amme 
a.:tivities are extra). Registration forms should reach 

ht AASH Convention 
P.O,80x391 
DARLINGHURST, NSW, 2010 
AUSTRALIA 

by 14th June. Further information can be obtained by 
lelephoning(02) 929-4011. 

10th ICA IN SYDNEY, 1980 

Planning for the 10th International Congress on 
Acoustics to be held in 1980 in Sydney is now well under 
way. Six subcommittees are to be formed to deal with var· 
ious aspects of conference planning. 

(j) Technical Programme 
Oil FinanCli 
(iii) Satellite Symposia 
liv) Exhibitio!ls and Technical Visits, General Facilities 

(travel, accommodation, catering, publicity and 
venues) 

(vi) Social Programme, 

Anyone having experience that may be of value to 
these subcommittees are req"ested to contact Mr Jack Rose 
at the National Acoustics laboratory, 5 Hickson Road, 
Sydney, 2000 (02·2 0537). 

VIBRATION &NOISECONTROL ENGINEERING 
The Institution 01 Engineers Panel on Vibration and 

Noise has preparati0l15 well in hand for the Vibration and 
Noise Control Engineering Conference (VANCE) to be held 
in Sydney on 11·12thOctober, 1976. 

There will 00 three types of presentations at the 
Conference: 

(i) Standard technical presentation 
(ii) Workshop sessions 
(iii) Posterpresent1tion 

The Conference should be of interest to practising 
engineers and ;architects and is sponsored by the Aooustical 
Society, the Institute of Architects and the Association of 
Cons LIlting Engineers in conjunction with the Institute of 
Engineers,Australia. 

9th INTERNATIONAL CONGRESS ON 
ACOUSTICS 

Madrid, Monday 4th - Saturday 9th July 1977 
The International Con9resses on Acoustics, open to 

those of all nations interested in the subject, are held every 
three years and constitute the most important world eve"t 
in this field: the last Congress took place in london, July 
1974,and was attended by over 1,400 participants. 

The 9th International Congress will be held in Madrid 
in the Palacio de Congresos y E~posiciones, an integrated 
building with appropriate Congress facilities. All the sessions 
;and 1he equipment eXhibitiorlwili lake plaCl} in this building 
located in the main Avenue of modern Madrid which has 
good communications with those areas where there are 
hotel establishments of different types and reasonable 
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CiR1945 
Community noise analyzer 
D On-site readout of: 

L exceedance levels, Ldn, and Leq 
D DOe5 not require tape recorders or calculators 
D Battery power eliminates ac line requirements 
D Low-cost, optional weatherproof microphone 

system 



P'IC"'_ Special accommodation in student residences will 
"I,u b~ available 

ADVANCE PROGRAMME 

Sunday 3rd and Monrlay4th July: 
Recept.on ot !JortlcliJants aod distribution of 
Information 

Monday 4th (mornin~) 
Openlng,cssiofl 

Monday 4th to Friday 8th: 
Invited lectures, amI scientific se,,"ons 

FridayStI1 (afternoon): 
Closingse>sion 

FridaySth (evening) 
Official banquet and Folklorefe$tival 

Saturd~y9th (morning) 
Meetings of International Otganj'ations 
Societies 

COMPLEMENTARY ACTIVITIES 

The following complementary 
place during the week of the Congre$' 

Technicalvi,its 
To and ilpplied acoustIcs establishments. 

Receptions and Concerts, for participants and accom· 
panying members, during free hours. 

SATELLITE SYMPOSIA 

Barcelona, Friday 1st and Saturday 2nd Imorning) July' 
Sound Recording and reproduction 

Sevilla, Monday 11th and Tuesdoy 12th July: Hearing and 
indu~trial noise environments, including a special meeting 
on impulsiva noise hazards. 

As in previous ICA Congresses, specialized Symposia 
have been planned for the days just before and after the 
Congress. On this occasion Barcelona and Sevilla, two 
interesting cities with appropriate background, for their 
respective subjects, will be the sites of these SympOSIa 

The sessions will consist of specialized lectures - 30 
minutes long - followed by round I~ble meetings. 

BOlh Symposia will include complemelltary actvities 
and tqui~rnent eXhibition 

AUSTRALIAN PARTICIPATION 
The Australian Acoustical Society is particularly 

Interosled in encouraging Australian participation and 
al1enuonce at the 9th leA in Madrid. Anyone considering 
conlributlng or attending are requested to contact Mr Jack 
f1me ilS soon as po,,,ble at the National Acoustics Labora 
\olle,. 5 Hickson Road. Sydney, 2000 (02·2 0537). 

ULTRASONICS INTERNATIONAL 77 

BroChures containing further information about the 
Conference are available from' 

Dr. Z. Novak, 
ConrerenceOrganizer 
Uitrasonics International 77, 
IPC House, 32 High Street, 
GuTidford 
SurreyGUI3 EW 
Englond 

INTERNATIONAL EVENTS - 1976 & 1977 

b) 14·17 November 1977. London 
"FASE Symposium - 1971 

Italy: 

European Nois~ Legisfaricw" 
The technical programme will 
of criteria, instrumentation. 
regulations, their nature, enforcement 
ness-invitedspeakers,d'scussiom) 
hetdbythe Institute of Acoustics 
Secretary P.G.C. Myln~ 
47 BelgrovcSqu",e 
London SWl X SOX 

Propf!rties of 



METROSONICS 600 SERIES 
DIGITAL COMPUTER SOUND LEVEL 

ANALYZER SYSTEMS 

Recent Federal, State and Mu- precision acoustical circuitry 
nicipal legislation has created and dedicated proprietary mi-
a need for statistical noise croprocessors now have made 
level measurements. These these measurements economic-
regulations require systematic ally feasible. 
recording and analYSIS of 
many samples of sound levels The METAOSONtCS db-600 
taken over long periods of series are designed to utilize Metro--
lime sanies B&K and GR Microphones. 

DIgital computer techniques 
make these measurements pos­
sible, METROSONICS db-600 
series Sound Level Analyzers 
with their unique integration of 

One ruggedized environmental 
box contains all sound measur­
ing circuits, computer circuits. 
a visual display and a re­
chargeable battery. 

AUSTRALIAN GENERAL ElECTRIC LIMITED 
86-90 BAY STREET. ULTIMO. N.S.W. 2007 Tel.: 212 3711 

A NEW REVElATION IN SOUND 
LEVEl ANALYSIS, AUTOMATICALLY 

PRESENTS L LEVELS FOR 
ENVIRONMENTAL IMPACT AND 
EOUIPMENT MEASUREMENTS! 
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IUi"I:lni.1rV,!i,;'·' 'IBM 
,.uiuIM.'ij',P','Ui&_ 
QUtiib4§.i( 

lumli"'i~ 

Ih;ihMH'A,IM$iI';j-­
'4flnij.!M$'iq.!p.1ijiN 
'M!MjuIQ:ul:lil:IQii,." 
'iii!Mui!u=;i41Mlj~j4ii?j 

'Q,I;if·1:l···m:il'.'j~IH:I. 

1:! .• , i3i"·'?I""'Qm'i3i· 

OPTIONAL 
FEATURES 

LEO LON 
Drect Reaoout tJto XV Plotters. 
[]~ital Priders And Computers 

mistDQI3IIs,Graphs, EteJ 



Japan: 

7·9 October 1976, Hiroshima University 
"Meering of the Acoustical SOci9ty of JapiNJ" 
-all branches of acoustics-
On both venues details from' 
Acoustical Society of Japan 
Ikeda Building, 
7 Yoyogi2'Chome 
Shibuya·ku, Tokyo 

Norway 

24·27 August 1976,Sanderjord 
"The Acoustical Society of SciJndinavie Conference" 
Details from: 
NAS 
ELAB 
N·7034 Trondheim·NTH 

Poland: 

13·15 October 1976, W~rslal'\lOl 
"76 Noise Control Conferena!" 
(Industrial Transportation, Buildings, Community 
Noise, Effects of Noise and Vibration on Man. 
Metl1odology and instrumentation for noise and 

PERCY GRAINGER'S fREE MUSIC MACHINES 

John A. Moffatt 

The follo ..... iflQ technical note is a resume of a talk 
given to members of the Victoria Division by Mr. Burnett 
Cross, of New York, U.S.A. 

Percy Aldridge Grainger conceived 'Free Music' as a 
child at Albert Park and Brighton in Victoria, before he 
went overseas on his successful career as a composer and 
concert pianist. He was inspired by the wave·movements of 
the sea to write music without discrete steps of pitch and 
without regular rhythm, and although he developed a system 
of notation to write the music he had to wait many years to 
hear it played as it wa, intended to be played - on a 
machine. The essential thing about Free Music was that it 
had controlled gtides of pitch and loudness, and the control 
was to be in the hands ot the composer. not those of a 
performer who might not be able to do exactly what the 
composer intended, and might even impose his own 'inter­
pretation' on the mu,ic. 

From 1945 unt,1 the composer'. death in 1961 
Mr. Cross worked with Grainger on the developm~"t of 
machines to pla~ Frl>e Music, and he came to Melbourne in 
March 1976 to assist in the reconstruction of the Free Music 
Machines atthe Grainger Museum. 
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An early machine was a combination of a player· 
piano and three Melanette keyboard instruments. The piano 
was operated by its perforated paper roll mechanism. but 
the strings were not struck. Instead the mecllarlism operated 
the three Melanette keyboards by a system of strings and 
pulleys. The tuning of each Melanette wa~ adjusted to give 
intervals of much le~s than a~emi·tone. This gave an approxi' 
mation of the required gliding tones, usingdilK'rete steps. 
but it was not good enough. 

The next machine, the 'Reed·box Tone·tool', was 
made from a number of harmonium reed·boxes, with a 
close pitch spacing of the reeds. Again a perforated paper 
roll wasused,to control the flow of air through the reeds. 
Air was either blo ..... n or sucked by a \IlIC\.Ium cleaner. The 
paper roll was sewral feet wide, and Grainger punched the 
holes in it as it lay on the kitchen floor. The machine was 
so big that it extended from one room through a doorway 
into the next room of Graing~r's house. 

The Aeed·box tone·tool was better than the keybollrd 
machine, but its glides were still only approximate. The 
next big step forward was the 'Kangaroo'pouch Machine'. 
using continuously variable electronic oscillators. One 
machine using this method had four olK'iliators, the fre 
quancy and strength of each of which was changed by a 
variable resi5tor operatadbya-pivoted lever. the free end of 
..... hich 5lid over the hills and dales of a control graph cut out 



of paper. The four pairs of graphs were fixed to , mJin 
paper roll which was over seven fopt high Thi, machine 
could play properly controlled glide, of pilCh alld loudlle". 
but becatlSe the contrallevers Were moved only by paper 
the rate of rise and fall was limited. Tllcr~ Wcre problem; 
of oscillator stability, too, amj Mr. ero" uuservedthJI the 
machine was a good detector of the VJri<lble chilraCICris!ic; 
ofthermionicvalv~s. 

The next machine WaS conSiderably bett"r in 011 
important respects. The miJ,ic was written as Inked band, 
of varying width on a roll of cle"r plasTIc sheet. five f~et 

wide. and the oscillator frequency .nd strength were con· 
trolled by photo-electric det~C1ors which responded to the 
varying transmission of light through the sh"~1 as it was 
pullcd through a light bailm. Not only could Ihis machine 
give almost any rate 01 ris~ and fall of pitch and strength, 
but also the composer CQuld hear the music while he was 
writing it In the plastic sheet. The u,e of transistors in place 
of valve, ensured the necessary frequencY$tability, and now 
Gfaiflgercould have hIS Free Ml1,icplayed as he wanted iI, 
with giidesof pilch afld strength controlled by the composer 

Further Reading 

'Free Mu,ic' Percy Grainger Rel:orded Sound. No. 45-46 
Jail-April 1972 

'Grainger Fr~ Music 
'Free Music of Percy Hee-Leng Tan. 

(a,above). 
'The Recorded Works of Percy Grainger'. Eric Hughes 

above). 
'Grainger's Free Music', Ivar C. LJurum. Swdie,- in Music, 

2.1968. 
'Percy Grainger', Free Musk' R,cil;l<d FranKO Guldman 

The Juil/iard Review. F~111955 

PRIORITIES IN NOISE REDUCTION 

Malcolm J. Crocker 

Almod every study that I 
industrialized countries traffic 
than aircraft noise. This can 

Thus it Should be expected that h;~hw~y rraltic would 
be the major U.S. noise community problOHl on two couroj, 
it generates the most acou5tic energy; a"J it 1$genNdl"ri 
closest to the comm'-lIlity. This seems [0 be ~onjirrneu iJy 
the 1973 U.S. EPA report which ostimated thaI 26.8 
millio,", people Were exposed to ij uay-tHght sound level 
(Ldn) from road traffic noise exceeding A5Cii3, while only 
7.6 million were exposed to the same le,el from a;,craft 
operations. An l.c!n of 65 dB usually produces Widespread 
complaints and several threau of leg,,1 ~clion. In a 1971 
survey of 1200 residents In the U.S.A., 72% cl""ificd their 
neighbourhood a. 1l01SY. Of these 55% identified traffic 
noise as the main source while only 15% identified aircraft. 
Fully 12% identified voicesa,a major noise source! 

DickerJ50n INoi5e Control Engirl"""n~, Vol. 4. No.1 
1975] has reported a recent ~tudy of the 'Ioi,c envilUrlrnCflt 
around one of £rlgland's busie,t prO""'CIJI JiqJu"'. wi!h 
aircraft movements exceeding 65,000 ~'lr,1l yea'_ S",rl/ air 
craft noise was the motivijtion for the ~tudy," 01 
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monitoring positions was installed under or near aircraft 
flight routes within five miles of the city. However the noise 
exposure from road traffic exceeded that from aircraft in 
all but a few locations! The night-weighted Community 
Noise Equivalent Level, CNEL. was used to evaluate noise 
exposure. An average of the noise eX!X'SlIre (over three 
weeks~ at 45 locations lInder flight paths gave 72 CNEL fur 
road traffic, 65 CNEL for aircraft and 61 CNEL for trainsl 
None of the 45 locations was silllated near motorways and 
all in fact were picked so as to concentrate on aircraftnoi.e 
exclusively without much disturbance from other sources. 
Thus the affect of aircraft noise was overestimatEd and that 
oftraflic noiseundlirestirnatedl 

Why then does aircraft noise re<:1!ive the mostatten· 
tion in the pross, radio, and talevison? Why do some people 
complain bitterly about aircraft noise, but accept without 
complaint traffic noi5e with a CNEL of 10 or more greater? 
There are .everal answers Which may be hypothesized 

Alexandre [Noise Control Engineering, Vol. 2, No.2, 
1974] reports the results of a 1970 study of French subur· 
ban dwellers. Noise from traffic and building sites was 
mentiO<led by 43% of respondents as the suburban problem 
they most felt like complaining about. All other nuisances: 
remoteness, lack of secllrity, air pollution, poor sanitation, 
etc. were mentioned much les.. However when people 
were asked what they had actually complained about the 
result wa. completely opposite with road traffic noise 
receiving laast mention, It seems obvious. In France poople 
realize that if they complain about poor publictransporta' 
tion, refuse collection. air !X'lIution. unsuitable housing, 
crime. noise from neighbours, then there is usually an 
accessible public official to hear the complaint and correC' 
tive action is often taken. The same is not true of road 
traffic noise. The situation is .imilar in Au,valia. where 
telephone numbers are listed in Sydney for pollution com­
plaints and fur aircraft noise but none specifically for 
traffic noise. 

There are other reasons. however. One must admit 
that very near an airport, the degree of annoyance may be 
higher than near a busy highway because the noise level 
fluctuates widely with time and for short times is quite 
intense. People living near air!X'rts are able to form protest 
and action grOllpS partly because they live close to each 
other. In the U.S.A. such groups have been quite vigorous 
and some have been successful in winning damages in court 
cases. People bothered by traffic noise are probably too 
widely spread to form such protest group. easily. Also of 
course people are unwilling to oupportlegislation orregllla· 
tions which curtail their own 'freedom'. Since so many 
people drive carll. then they are mare likely to be tolerant 
of traffic noise. A mllch smaller fraction of the population 
in most countries utilize scheduled airline services and are 
thus much less tolerant of aircraft noise. Perhaps some of 
the anti-aircraft sentiment is also due to the current anti· 
technology syndrome. Atguments which are often aimed at 
Concorde and lumped in with its noise are: 1) that it wdl 
deplete the ozone layer (despite the fact that a United 
Nations agency - the World Meteorological Organization 
(W.M.OJ has stated that the effect of using a fleet of 30·60 
supersonic transports would be minimal ... the W.M.O. 
expressed more concern about the usa of freon releasing 

aerosols , .. but reducing their use would curtail individual 
'freedom') and 2~ that Concorde will help deplete the world 
oil reserves (again the effect is minimal ... less than one 
tenth of one percent of total daily Australian oil consump, 
tion even with daily Concorde flight! between England and 
Australia ... we could all achieve much more by buying 
smaller cars, car-pooling or eliminating untlecessarytrips ... 
but that would curtail our own 'freedom'). 

Which is the bigger community noise problem: traffic 
or aircraft? Is this a non-question? Some say yes. I do not 
think so. Aircraft noise has received prime attention for 
much too long. It has di~erted our attention from the much 
more serious and difficult problem of traffic noise. 

In the U.S.A., go~ernment and ind~$try spending has 
been at least an order of magnitude greater on aircraft 
noise than road vehicle noise for many years. Congress, 
government agencies and state and local authorities have 
encouraged strict enforcement of aircraft regu~tions while 
being lax on vehicle noise regulations. A good example is 
New York State which has had venicle noise limits since 
1965 with minimal or almost rw enforcement. although the 
Port Authority is now threatening to ban Concorde 
operation •. 

Personally I don't like any type of noise. Howe~er I 
do feel that OUr priorities are wrong and mould be changed 
Where I live in Sydney. I am in~ariably wakened late at 
night and early morning by cars starting on the hill outside 
my house, although I am little troubled by aircraft noise 
even though I live near an aircraft flight path with a noise 
exposure forecast (NEF) of 25. Give me a daily Concorde 
overflight in exchange for the noisy cars at night, the power 
lawn mowers that C'1n ruin a weekend, the early morning 
!X'wered garbage trucks and the early morning milk truck 
any day. 

STATISTICAL SOUND LEVEL ANALVSERS 

Richard Heggie 

INTRODUCTION 
Statistical analysis of noise levels has long been re 

cognised asa most useful and probably essential technique 
for describing time-varying noise levels. The technique h.s 
been particularly applicable in the fields of community 
noise assessment {road. air. rail traffic and fluctuating 
industrial noise] and occupational noise assessment. 

Suitable instrumentation for me.suring operators' 
exposure to noise in industry has been available for several 
years. These dosemetero sample the varying noise levels over 
a period of exposure andlhen calc"lat" thesingletlumber, 
'equivalent continuous noise level' whiM wOllld result in 
the same degree of risk of hearing impaLrment 

In community noise assessment evaluation of statisti· 
cal values (~w. L"" L,o. LoCI etc) and the derived indices 
(TNI. LDN. NPL etc) has. until recently involved variolls 
manual sampling or computali,m techniques. Processing ha' 

'" 



(!t questionable reliability. 
with computer assistance. 

collection of suffident data to 
criteria and measuring 

d~I"y ill formulating standards and 

MAJOR FEATURES COMMON TO ALL INSTRUMENTS 
The sensitivities of the various inputs on 011 four 

qene",lly C'ompotible with most micro 
phone, ''lei IaP~ r~corders 

may be oporated il1depel1dently H.e. 
,ound level meter) the GR 1945 and 

I"strumellls p'OVIc!~ at least A·weighting 011 the 
low levol I~put and L'nc", 011 the high level input. AI! 
kx<:cpt CFL 134, not "utcd) fJlovide FAST and SLOW 
averaging re'ponse in accordanC€ with IEC179 

The CEL·134 operates on Internal Dr eX1ern,,1 
24V DC bolle"". The other rhr"e instruments operate on 
12V jl11~rF,,,1 or external "dt:e, "S, AU oxcept theCEL·134 

a\,,,,I~l!1u I" " wu,lthe'proo/ enclosure (comes standard 

of the Instruments In standard form (at 

.... $4056 
. $2704 

............ $2138 
.... $4070 

BRUEL & I(JAER TYf'E 4426 

LimitatioM{relativetotheotherlnrtrumerns) 

COMPUTER ELECTRONICS LTD, CEL·134 

Bot'lloWclndhiglllevel illr1.tsat" sWltchableA-welght 

LnhllFl!\,ampling and hold. all ragister 
'h~n proceed without losing 

available at data olttputin 
available on ironl panel di.play) 

Limitations {relative to the otrn.r instruments): 

GENERAL RADIO GR 1945 
Addition"' Fe~tllre, 
• SWltchoblc A, C 0' LIN 

LnorLeqdur 

on hign and low 

P"Jb"~'II,y d"\"lout",,, aVrlrl:llJle ;n analog form at 
d,,\ooutputinolavo:lilblcont,olltpaneldisplay) • 

(cont.pag(20) 
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Name 

Manufacturer 
Model No. 

Country of Origin 

AustraHanSuppHer 

Weighting 

Averaging Response 

Loq 

Sound level Meter Display 
(Digital) 

Dynamic Range 

Detector Accuracy 

Detector/Crest Factor 

TABLE I: Comparison of Manufacturers' Specifications 

Bruel & Kjaer Computer Electronics Ltd. General Radio Matrosonics,lnc 
Type 4426 CEl·134 GR 1945 dB-602 

Noise Level Analyser and I Statistical Level Meter I Community Noise Analyser I Sound level Analyser 
Statistical Processor 

Denmark Englond 

Sruel & Kjser Aust. Pty. Ltd., Tecnico Electronics. 
33 Majors Bay Road Premier Street. 
CONCORD, N.sW .• 2137 MARRICKVILLE. 

2204 

A vveighting on low level I Switchable A weight or Hnear 
input. Linear (0 Hz to 20 Khz 
± 1 dB) on high level input 

Fast, slow and impulse res, 
panseto IEC 179 

!-~Iet~u~t~g l~n~~f~:~"!~:I~:~~ I !"::ila~~e a~:r !~al~;~ ps;~~~ 
period. 

~~~n*,1'd~P~~~I~t~~c;e :u:: I ~:~~:res CEl Noise Average 

ingand after analysis period 

W;.II diSPlay. dB(A). dB(A) 'Will display dB(A) or dB 
Max, Leq, Ll to 40, Prob· (LIN) continuously during 
ability density, cumulative analysis period 
Probability Density. contino 
uously during analysis period. 
Will hold dB(A) Max. 

64dB 63dB 

True RMS with 10 dB cre,t I Notstated 
factor at max, reading 

U.S.A, 

Warburton Frank; Pty. Ltd" Australian General 
199 Parramatla Road, Ltd .• 
AUBURN, N.S.W. 2144 B6·90 Bay Street, 

Switchable A. C or linear 
(+ 0.5 dB. - 3 dB 10 Hz to 
25kHz) 

ULTIMO, N.S.W.. 2007 

A weighting on low level 
input. Linear (10 Hz to 20 
kHz ± 0.5 dB) on high level 
input 

i~t 1 ;~d slow re5ponSl! to I ~:~ 1 ;~d !Iow respon!e to 

LO'l< L1• L1• Ls. L10 • L1U, 
Lso, Loo. 49 available after 
analysis period 

Standard. available after anal· 
ysisperiod 

Will display dB(A). or dB 
(LIN) continuously during 
analysis period. 

1.0 to Lw in II steps, avail· 
able during and after analYiis 
period. 6 values only 

Requires 600-01 Leq option 

Will di.play dB(A) contin° 
uously during analysis period 

100dB 

True RMS with 14 dB crest I True RMS with 14 dB crest 
factor a1 max. reading factor at ma~. reading 



An~lysis Resolution 

Sampling Rates and Analysis 
Duration 

Delay Timer, Meilsurement 
Periods 

Standby or Pause Control 

Probability Distribution 
and Qutputs. 

Cumulative Probability 
Distribution 

TABLE I (cont): Comparison of Manufacturers' Specifications 

Sl!lecta.ble sampling period I A",.IYSi.' d".retion selectable 0.1, 0.2, 0.6, 1, 2, 5 or lOs 6, 10, 15,30 and 60 minutes. 
(or External). Number of samples fixed at 
Number of samples selectable 1000. 
from 1000 to 65000. AnalysIs must be completed 
Anal~ls duration set by before statl>tical values are 
selecting sampling period and avadable. 
number of samples. Analysis 
may be stopped manually. 
Statistical values available dur· 
ing and after analysis. 

Single analysis period only 
with no delay timer (provi· 
sion for external control of 
delaY" and analySiS periods). 

Up to 31 consecuti~e anal· 
ysisperiods. 
I~ternal timer to delay first 
analysis for up to 24 hours. 

Stops samp!i~g, holds all Stops sampling, holds all 
register valu~s. register values. 

Available as number of sam· Not available on front panel 
pies or percent of total display. Statistical values are 
samples versus level (0.25 dB available in analog form at 
increments a1 electrical out- electrical output at end of 
put, 2 dB incremellts on measurement period. 
display). Available during and 
after analysis period. 
Analog output for level reo 
corder Or XY ploner and 
digitaloutputforalpha·nu 
mericprinter. 

~I::ila:~e ;~~~tbarot ;~~; I ~i~~laa:~ilabla on Iront panel 

samplasforwhichsoundlevel 
equalled or Bxceededselected 
level (0.25 d8 increme~1S at 
electrical output, 2 dB incre· 
ments on front panel display). 
Available during and after 
analysis period. Analog and 
dighaloutputsavailable. 

AnalySiS duration selectable 
as follows: 0.5, 1, 2, 3, 4, 
6,8, 120r24 hours 
Sampling rate is fixed. 
Divide by 3 option available 
to give minimum 10 minute 
analysis duration. AnalYSIS 
mUSI be completed before 
statistical yalue~ are a~ailable. 

One, two or three consecutive 
analysIs periods. 
Internal timer to delay first 
analysis by up to 24 hours 

Not available on lront panel 
display. Statistical values are 
available in analog form at 
electrical output at end 01 
measurement period. 

1 Sampleperseoondstandard. 
Optional 32 per second to 1 
every 32 seconds 
6.5 million sample capacity. 
Statistical valuas are available 
during and after analysis. 

Four statistical value~may be 
stored at programmed inter 
vals from 15 minutes up to 
25 hours lin 15 minute 
increments). 

Requires 600·05 Analog Plot 
ter Interface and XV plotter 
or chart recorder. Not avail· 
able on front panel display. 

Not available on front panel I Not a.vailable on front panel 
display. Digital output avail· display. 
able with 1 d8 resolutio~. ReqUires 600-05 Analog Plot 

terlnterface. 





LimitationJ (relative to the other instruments) 

• Will not display Ln or L"'l until analysis complete. 
• fixed sampling rate. 

Cumulative distribution only aVailable at electrical 
output in digital form jnot available in analog form 
for XY plotter and cannot be displayed on front 
panel. 

METROSONICS dB-602 

Additional Features: 
100 dB dynamic range with 14dBcrestfactor. 
Very large memory, 6.5 million samples. 
Lo to LI>\I in Ll steps (5 percentiles only, mustba 
selactedpriortoanalysisl. 

• Selected percentiles jor L"'ll may be di.played pro· 
gressively during analysis. 
Four statistical values may be stored at programmed 

i"tervals from 15 minute! up to 25 hours ('n 15 
minuteincrementsi. 

llmitations(relatiwetotheotberinstruments): 

Low level input is always A-weighted. Requires 
1 kHz calibrator. 
Probability and cumulative distributions not available 
on front panel display-available at electrical output 
in digital form only. (Require$ 600-05 A"aiog Inter· 
FaC8optio" for XY plotter or chart recorder) 

• Standard sample rate 1 per second. Other rates avail· 
able (32 per sec to 1 e~ery 32 sacs) but must be 
preset. 

• O"ly 5 percentiles (or 4 percentiles plus Leql can be 
calculated, and must be selected before analysis 

No 'pause' control to eliminate unwanted data 
Relatively heavy, 10.4 kg. 

Australian Acoustical Society 
Unconfirmed Minutes of the 5th Annual General Meeting 

The 5th Annual General Meetingofthe Australia" Acoustical Society was held at me Hydro Majestic Hotel, Medlow 
Bath, N.S.W. on Friday 19th September, 1975. 

The meeting was declared open at 6.05 pm 
PRESENT: 32 members entitled to vote were present. The Presidem of the Society, Mr. P. R. K"owland _$ in the chair. 

Apologies & Proxies 

Apoligia-s were received from Keith Keen and David Hassall. 
No proxies were reCllived. 

Minut .. of the 4th Annual General Mssting 

The meeting was reminded that the minutes of the 4th A"nual Genera! Meeting have been publisf>ed in the Bulleti" 
Vol. 3 No.1 -1975which has been distributed to each member of the Soci..-ty. Motion "the minutes be confirmed" 

Report of Coun~il for yellr 1974·1975 

ThePre.ide"treedthereportofCouncil. 
Motio" "the report of Cou"cil be received" 

4. Trea$ul"li!r's Report 

Mr. R. Pien!! i" the absence of the Treasurer reported 0" the Society's financial positio". 
Motio" ''the Trea.surer's report be received" 

5. Appointment of an Auditor and determination of the Auditor's remunaration 

Davarn/M~ther 

Rose/Riley 

It was moved by V. Taylor and seconded by G. Pickford that Mr. F. J. Morto" of ElaMra Road, ElaMra, N.S.W. 
be appoirrted the Society's auditor at a fee "ot exceed;"g one hundred dollars. 

Report on the ICA 

Mr. J. Rose presented a report on the 10th ICA to be held in Australia in 1980. 

7. Othe.BuJinep 

There was ''0 other busi"&Ss. 
The I"I"IeI!ting closed at 6.30 pm. 



INTERNATIONAL STANDARDS IN ACOUSTICS 

R. N~ga,"jan, 
Engineer-Secretary, 
AcousticSStandards Committee, 
SI~ndard,AssociationofAustralia 

Tiw IIller:lRllor'al Stancard. in Acoustics are dealt 
Wllh by the Imern3tlonal Organization of Standardization 
iISO) Technical Committee 43, Acoustics, and the 
International EI"Clrotechnlc"1 Commission (lEC) Technical 
Committe" 29, ~Iectro"coustics. For details of the work of 
these two Inlernatlon,,1 standards bodies, which operate in 
dose Ilaisoll wllh othe, ifrom the same building in 
Gel1ova, ;n f"ct! r"fe'cnce is invited to the publication, 
1,,:crnatlo"JI Sta"dardi(~ti\)n and National Standard,' 

Standards Association of Australia, October, 1972iavailable 
free of cost from the Standards Association of Australia 
olfices at capital cities and Newcastlel, 

Work of ISO Technical Committee TC 43, Acou,tics 

Work of IEC Technical Committee TC 29, Electro-Acoustics 

The stru~tum of lEG Technical CGmmittee TC 29 
Electro-acoustics, is given in Table 4, 

The li,t of IEC Publications ollEe TC 29 and its sub 
committees is given in Table 5 

The list of prospects being handled, including ,ome 
nearingp<.tblication by IEC 29 is given in Tallie 6 



persons oommunicating comment!! on most of th~ docu· 
ments to the Standards Association of Australia is only 
between 10 to 15percent. Very few persons really find time 
to study the above international draft !rtandard documents 
carefully and pa" on comments duly supported by labora· 
tory or field data. Only by sizaable contribution of com 
ments on draft documents can we make a signif'cant 
Australian contribution to the development of international 
standards in acoustics 

The recent significant increase in international stand' 
ards activity has assisted in the formulation of a general 
policy for preparation of Australian standards in acoustics. 
The Acoustics Standards Committee of the Standards 
As>ociation of Australia considers tllat in a large number of 
cases. it is worthwhile to wait for international !rtandards to 
fully develop before we start our own preparation of 

Australian Standards. FlJrthermore, it is desirable that work 
for preparation of Australian Standards on any subject 
should be taken up only when a pOsitive need has been 
established, so that our scarce nlsources for preparation of 
standards is advantageously utilised for optimum overall 
efficiency and economy. 

An attempt has been made in this article to give a 
brief resume of the international standards activity in 
acoustics. Members of the Australian Acoustical Society 
desiring more information on any sp..cific area considered 
in this article, are requested to contact Mr. R. Nagarajan 
at the Headquarter. Office of the Standard. Association of 
Australia in North Sydney 1Telephone 02 9296022) or 
Mr. R. K. Profitt at the Melbourne Offic!!> in Parkville 
(Telephone033417911). 

TABLE 1. STRUCTURE OF (SO TC 43 AS AT DECEMBER, 1975 

Normal threshold of hearing 
Acoustical reierencequantities 
Techniques for audiometry 

Noise from heating. ventilating and air conditioning equipment 
Noise emitted by ships and railways and noise inside vehicles 
Measureme!'lt of sound emitted by machinery and equipment 
Noise assessment with respect to speech communication 

SECRETARIAT 
OR CONVENOR 

Denmark 
Netherlands 

Germany 
Germ~ny 

U.S.A. 

Noise emitted by road vehicles Frarlce 
Noise from compressors. pneumatic tool. and pneumatic machines Sweden 
Noise from earth moving equipment 

11 Asse"mentof sound quality 
12 Measurementofspeechimelligibility 
13 Noise emitted by rotating electrical machines 

Noise from gas turbine. 
Assessmentoffluctua!ingnoise 
Quantitiesfordigit~land hybrid/analogue processing 01 acoust,c 

signals 
Measurement 01 sound attenuation of ear protectors 
Buildingacounics 
Plumbing noise 
Revision of ISOfR 140 
Reduction of impact sound transmission by floor finishes 

Rating of sound insulation for buildings and building elements 
Measurement of sound insulation of suspended ceilings 

Germany 
Belgium 
South Africa 

Germany 
Netherlands 
Germany 

Germany 



NO. 

TABLE 2. LIST OF INTERNATIONAL STANDARDS AND TECHNICAL REPORTS 
PUBLISHED BY ISO TC 43 

TITLE OF THE ST ANDARD{TECHNICAL REPORT 

ISOfR 16·1965 Standard tuning frequency (Standard mUsi",,1 pitch) 
ISO/R 131·1959 Expression of the physical and subjective magnitudes of sound or noisa 
ISO/R 140·1960 Field and laboratory measurements of airborne and impact sound transmission 
ISO/R 226·1961 Normal eQual·loudness contours for pure tones and normal threshold of hearing under 

free field listening conditions 
5 ISO/R 266·1962 PreferrlKl frequencieos for acoustical measurement 
6 ISO/R 354·1963 Measurement of absorption coefficients in a reverberation room 
7 ISOlA 357·1963 Expression of the power end intensity levels of sound or noise 
8 ISO/R 362·1964 Measurement of noise emitted by vehicles 
9 ISO/R 389·1964 Standard reference zero for the calibration of pure·tone audiometers 

10 ISO/R 454·1965 Relation between sound pressure levels at narrow bands of noise in a diffuse field and in 
a frontally·incident free field for equal loudness 

11 ISO/R 495-1966 General requirements for the preparation of test codeos for measuring the noise emitted 
by machines 

12 ISO/R 507·1966 Procedure for describing aircraft noise around an airport, 2nd Edition 
13 ISO/R 532·1966 Method for calculating loudness level 
14 ISO/R 717·1968 Rating of sound Insulation for dwellings 
15 ISOlA 1680-1970 Test code for the measurement of the airborne noIse emIUoo by rotatIng electrical 

machInery 
16 ISOlA 1761·1970 Monitoring aircraft noise around an airport 
17 ISO/R 1996·1971 Acoustics -Assessment of noise with respect to community response 
18 ISO/R 1999·1971 Acoustics - Assessment of occupational noise exposure for hearing conservation 

purposes 
19 ISO 2204·1973 Acoustics - Guide to the measurement of aIrborne acoustical noise and evaluation of its 

effects on man 
20 ISO 2249·1973 Acoustics - Description and measurement of physical properties of sonic booms 
21 ISOITR 3352·1974 Acoustics - Assessment of noise with respect to its eflect on the intelligibility of speech 

NO. 

TABLE 3 ISO TC 43 PROJECTS IN HAND 

TITLE OF THE PROJECT IN HAND 

Determination of sound power levelS of noise sources - Precision methods for discrete·frequency and 
narrow·band sound sources operating in reverberation rooms. (To be published as ISO 3742.1 
Determination of sound power levels of noise sources - Engineering methods for special reverberant test 
rooms (To be publishlKl as ISO 3743,) 
Determination of sound power levels of noise sources - Engineering methods for free·field conditions over 
a reflecting plane. (To be published as ISO 3744.1 
Determination of sound power levels of noise sources - Precision methods for anechoic and semi-anechoic 
rooms. {To be published as ISO 3745.1 
DetermInation of sound power levels of noise sources - Survey method 
Measurement of sound transmission from room to room by shalts and ducts 
Laboratory tests on noise emission by appliances and equipment in water supply installations. 
Partl: Method of measurement 
Laboratory tests on noise emission by appliances and equipment in water supply installations. Part II 
Mounting and operating conditions of draw-off taps 
Laboratory tests on noIse emission by appliances and equipment in water supply installations. 
Part III: Mounting and operating conditions of in·line valves and applian ces 
Measurement of sound inSUlation in buildings and of building elamants. (Revision of ISO R140 and its 
Parts.) 
Part I: Requirements for laboratories 
Part II: Statement of precision requirement methods for determination of the ,ound transmission loss of 
suspended ceilings 
Part III: Laboratory measurements of air·borne sound insulation of building elements. 
Part IV: Field meaiurements of airborne sound insulaiion between rooms. 
Part V: Field measurement of airborne sound insulation of facade elements and facades 
Part VI: Lalxlratory me.suremants of impact sound insulation of floors. 
Part VII: Field measurements of impact sound insulation of floors 
Part VIII: Laboratory measurements of tile reduction of transminlKl impact noise by Iloor coverings on a 
standard floor. 



TABLE 3 (conti. ISO TC 43 PROJECTS IN HAND 

TiTlE OF THE PROJECT IN HAND 

Preferred reference quantities for acoustic levels 
12 Mea5urementand de5cription ofnoi,e inside aircraft 
13 Determination of flow resistance of materials used for acou5tic purposes in buildings 

Measurement of noise from light aircraft 
15 Measurement of noise from VTOL and STOL aircraft 
16 Calibration and characteristics of the reference sound source 

Measurement of airborne noise emitted by pneumatic tools and machines - Engineering method for 
determininationofsound powe, levels 

18 Measurement of airborne noise emitted by compressor units including primemovers - Engineering method 
for the determination ofsoul1d power levels 

19 Noise from earth moving machinery - Measurement at operator"s workplace 
20 Determination of airborne noise emitted by earth moving machinery to the surroundings - Survey method 
21 Assessment of sound quality 

Measurementofspeed,intell>glbility 
Revision if Isa/R 362 - Measurement of noise emitted by road vehiCles 

24 Survey method for the measurement of noise emitted by stationary motor vehicles 
25 Threshold of hearing expressed .,>sound pressure levels in an artificial ear 

Threshold of heaflng aS8 function of age 
Pure tone audiometry 
Revi5ion of ISO/R 1680 - Test code for the measurement of the airborne noise emitted by rotating 
electrical machinery 
Noise from gas turbines 
A5sessmentoffluctuoti~gnoise 

Code for noise clasSification of pneumatic equipment for construction sit ... 
Report o~ noise claSSification of machines 
Procedure for describing aircraft noise heard on the ground 
Methods for single number rating of sound insulating for buildings and building elements, including Il!vision 
of ISO/R 717 

34 Examination of ISOlA 354 "Measurement of absorption coefficients in a reverberation room" concerning 
the transformation to an International Standard 
Designation of sound power emitted by machinery and equipment 
Measurement of sound pressure levels 
Measurement and characterization of noise radiation by structural components that are not an integral 
partofamachine 
Quantities to be specified for acoustic signal processing by hybrid digital/analoguesystem 
Measurement of sound attenuation of hearing protectors 
Determination of airborne noise emitted by civil engineering equipment for outdoor use 
Measurement of noise from reciprocating internal combustion engines 

42 Noise classification and labelling of equipment and machinery 
43 Noise level measurement at the operator's workplace on agricultural tractors and field machinery 

TABLE 4. STRUCTURE OF IEC TC 29 AS IN 1975 

Electro·acoustics 
Audio·engi~eering 

Measuring devices 
Ultrasonics 



DESIGNATION 

89(957)' 

90 {1973f 
118 (1959) 

123(1961) 
124 (1960)2 
126(973) 

150 (1963) 
177 (1965) 
178 (1965) 
179 (1973) 
179A (1973) 
184 (1965f 

200 (1966f3 
222 (1966) 

224 (1966) 
225 (1966) 

263 (1968) 
268:-
268·1 (1968) 
268·1A(1970) 
268·18 (1972) 
268·1 (1971) 
268-3 (1969) 
268-3A (1970) 
268-4 (1972) 
268·5 (1972) 
268·6 (1971) 
268·8 (1973) 
268·14(1971) 
268·14A (1973) 
303 {1970) 
318 {l970) 
327 (1971) 

37311971) 

402 (1972) 

4B6 (1974) 

500 (1974) 

TABLE 5. UST OF PUBLICATIONSQF lEe Te 29 

Recommendations for the characteristics of audio apparatus to be specified for application 
purposes. 
DimenSions of plugs for heariny aids. 
Recommended methods for measurements of the electro·acoustlcal characteristics of hearing 
aids 
Amendment No.1 (1973) 

Recommendations for the rated Impedances and dimenSions of loudspeakers. 
IEC reference coupler for the measurement of hearing aid. using earphones coupled to the ear 
by means of ear inserts. 
Testing and calibration of ultrasonic therapeutic equipment. 
Pure tone audiometers for general diagnoistic purposes. 
Pure tone screening audjometers. 
Precision sound level meters. 
First supplement of Publication 179 (1973). 
Methods for specifying the characteristics of electro·mechanical transducers for shock and 
vibration measurements. 
MethOd. of measurement for loud'peakers. 
Method. for spe<:ifying the characteristics of auxiliary equipment for shock and vibration 
measurement. 
Marking of conrrol settings on hearing aids. 
Octave, half·octave and third·octave band filters intended for the analysis of sound. and 
vibrations 
Scales and sizes for plotting frequency characleristics. 
Sound system equipment. 
Part 1. General 
First ,upplementof PublicatlOn 268·1 (1968) 
Second supplement to Publication 268·1 (1968). 
PartZ E"planationo/generalterm, 
Part 3. Sound ,ystem amplifiers 
First supplement to Publication 268-3(1969). 
Part 4. Microphones. 

Loudspeakers 
Au)(iliary passive elements 
Automatic gain control devices. 

Part 14 Mechanical design features. 
First supplement to Publication 268·14 (1971). 
IEC provisional reference coupler for the calibration of earphones used in audiometry 
An IEC artificial ear, ofthewide band tyPl', for the calibration of earphones used In audiometry. 
Precision methcxJ for pressure calibration of one~nch standard condenser microphone, by a 
reciprocity technique. 
An IEC mecl1anical coupler for the calibration of bone vibrators having a specified contact area 
and being applied with a specified static force. 
Simplified method for pressure calibration of one-inch condenser microphones by the 
reciprocity technique. 
PreCision method for free-field calibration oforle·jrlch standa rdCOrld .. nsermicropi1onesbytne 
reciprocity technique. 
IECstandard hydrophone. 



TABLE 6. LIST OF PROJECTS BEING HANDLED BY IEC 29 

DRAFTS IN VARIOUS STAGES 

Measurement of the characteri,tic, of hearing aids with induction pick·up coil input _ 29 (C.O.) 101. 
Secon-d edition of Publication 263: Scales and sizes for plotting frequency charocteristics aod polar 
diagroms - 29(C 0.1102. 
Pt.Jblicatlon 268·3: Second oupplement, modifications and addition. 
Publication 268.7: Headphone. and headsets 
Publication 268·9: Artific,al reverberation, time delay ond frequency shift equipment. 
Publication 268·15: Preferred values for the interconnection of sound system components. 
Method. of measurement of loudspeaker sy.tem, and units when supplied with noise signals. 
Minimum requirements for high fidelity audio equipment and systems. Part I: Gener,,1. Part 2: 
Amplifiers. 
29C(C.0.)25: Electro·acoustical performance requirement, for aircraft noise certification 
measurements .. 

10 29C(C.O.)26: Frequency weighting for the measurement for aircraft noise (D-Weightiog). 
11 Consolidated revision of IEC Publications 123 and 179. 
12 Calibration ofhydrophot1es. 

13 Terminology 
14 Supplement to Publication 118 
15 Supplement to Publication 2613·10 
16 Measurement of amplifier mains transformer temperature rise. 
17 Definition of dynamic range at the input of digital signal processing equipment for acoustical measurements. 

Audiometers. 

Note: For particulars of des,gnations in this table, See Table 5. 

BULLETIN PUBLICATION 

DEADLINES 

Members and persons interested in the Society ,md 
acoustics are invited to submit items for publication in 
forthcoming 8ulletin" technical artides, sI10rtertechnical 
notes, brief reporto on current research, news of members· 
and Divisions· activities, letters, or any items of general 

All submissions for publication should be dearly 
legible, and preferably typed with 1% .pacing. Apart from 
Technical Papers tJ"lere are 00 special requirements for the 
formJt Or presentatioo of items submitted for publication. 

Technical papers (article. on technical topics exceed· 
ing about 2000 words) should be typed with 1\1, spacing, 
and include a summary of approximately 150 words. 
Relevant information about the author should also be 
prOVided (approximately 100 words). 

Contributions sI10uld be forwarded to ·'The Bulletin 
of the Australian Acoustical Society, Scie",:e House. 157 
Gloucester Street. Sydnev, 2000··. 

Acceptance deadline' for publication are as follows: 

Volume 4. Numbor 3, Septembor 1976 
Full Tecilnic.1 Papers 6th August 
Other Shorter Items :27thAugust 
Volume 4, Number 4, December 1976 
Full Technical Papers 5th November 
Other Shorter It~ms 26th November 



THE FOUNDATIONS OF ACOUSTICS - BASIC 
MATHEMATICS AND BASIC ACOUSTICS 
Eugen Skudrzyk. 790 pages. Springer·Verlag, Wien and New 
York, 1971. Price$US73.80 

The author believes that the seriousacous1iciantoday 
needs a good understanding of mathematics, dynamics, 
hydrodynamics, physic., s1atistics, signal processing, and 
electrical theory. Since obtaining a background in these 
subjects is so time consuming and laborious, and requires 
the s1udy of many books, he has tried to put much of this 
background information between two covers. The result Is 
a very long and impressive book of almos1 800 pa9'ls, 
including nearly 200 figur..s and well over 1000 references. 

The first twelve chapters (269 pages) deal with intra· 
ductory material: units, complex rlOtation, analytic func 
tions, Fourier analysis, Laplace transforms, integral trans 
forms, integral transforms, correlation analysis, filters, 
probability theory, and signal processing. This introductory 
material comprises almost forty percent of the text pages. 
The remaining sixteen chapters (406 pages) discuss the 
OM·dimensional wave equation; reflection and transmission 
of plane waves; three·dimensional plane waves; sound 
propagation in tubes; spherical waves and sources; the wave 
equation in spherical,cylindrical,andspheriodalcoordinates; 
the Helmholtz Huygens integr~l, the Rubinowicz·Kirchoff 
and Sommerfield theories of diffraction; sound radiation 
from arrays and membranes; Green's Functions of the 
Helmholtz equation; and self and mutual radiation 
impedance. 

Skudrzyk writes with clarity, and takes considerable 
care todeveiopthematerialcarefullyand logically through· 
out, The notation is carefully explained, and symbols are 
defined in the text and are listed at the end of the book. 
The author has striven more for completeness titan for 
brevity, SO thn, in mos1 case., complete derivation; of 
mathematical results are given, with few intermedlate 
steps omitted. Since tlte book is so complete, mos1 readers 
with a reasonable mathematical Dackground should have 
little trouble in following the book through, providing they 
apply sufficient effort. It should be neCi!ssary to use very 
few additional references. Some people may find the 
inclusion of so much background material (the firs1 twelve 
chapters) unnecessary and irksome. This reviewer personally 
did not. The format and treatmant of the material are 
original, although the author draws on a great number of 
sources. Nevertheless, Ihe book reads as an integrated whole. 
The author's knowledge of German has been used in 
including results from a large number of articles and books 
originally written in that language. There are a few 
omissions: the subjects of coherence and s1atist,cal energy 

analysis are not discussed: but, oil the whole, the reviewer 
finds few faults in the work. 

Th,! book is useful for those with a serious interest 
in theoretical acoustics, and it is not for the casual reader. 
Despite its great cost, this reviewer believes that the book is 
an invaluable reference to maintain in a personal acoustics 
library. It should remain as such for many years. 

Reviewed by Malcolm J. Crocker. 

REDUCTION OF MACHINERY NOISE 
(Revised Edition) 
Ed. Malcolm J. Crocker, Purdue University, Wes1 Lafayette, 
Indiana 47907, USA, 1975. X + 365 pp; iIIus; Price: 
US$20.00. 

This book is the pri~ted proceedings of pepers pre' 
sented in two short courses, "Fundamental~ of Noise 
Control, De<: 8·9 1975" and "Reduction of Machinery 
Noise, Dec 10 . 12 1975", held at Purdue University, 

The first twelve d1apters are on the fundamentals of 
noise control. There are seventeen chapters on the reductioll 
of mKhinery noise and four chapters on case histories. 

The d1apters on the fundamentals of noise control 
are obviously meant to gi~e engineers a working knowledge 
of aCOUs1ics in a short space of time. Theoretical treatment 
is therefore minimal. These introductory chapters which 
include acoustical definitions, sound propagation, psycho­
acoustics, instrumentation, vibration, noise control by 
absorption and barriers and n011le legislation are written by 
staff in the Department of Mechanical Engineering, 
Aeronaut,es and Astronautics and AUdiology and Speech 
Sciences at Purdue University. The treatment is precise and 
succinct with adequate referencesgivenforthosewi~hingto 
follow the work in mOre depth. 

In the reduction of machinery noise section, chapters 
are written by an impressive selection of noise control 
practitioners including Baade, Kamperman, Yerges, Diehl 
and Graham. The chapters cover in varying depth noise 
control in fans, compressors, valves, metal forming processes, 
connru<:tion machinery, diesel engines, petrochemical 
facilities and trucks. 

For the practicing engineer the four nOise case his10ry 
chapters proVide a very valuable insight into the investiga· 
tion and control of new noise sources, at the source. The 
book should prove valuable to noise control novices and 
experts alike. Thecoverde,ign is another selling point, being 
as close as one can get to "Visible·Noise". 

Reviewed by Fergus Fricke. 



RECEIVER SOUND CONTROL IN AUDITORIA 

I. J. STAPLETON and F. R. FRICKE 

INTRODUCTION 

The Communication Sy"em 

The process 01 speech commonication in~olves three 
baSic "Iements: the speuch source, the medium through 
which it passes and the speech receiver. The source and the 
receiver are invari.bly respectivcly the human voice.nd eaf 
The medium, which can vary. i< must commonly the 
atmosphere and the rellectingsurfaces in the enclo<ure.ln 
this work we .reconcerned with altering conditions at the 
reCel~er. In order that the receiver mayunderstond a speech 
signal this system mu~t operate in such away as to achieve 
certain criteria. Mo,tbasic"lIy thesyslem mUSI be such thol 
it is possible to convey the frequencies of speech sounds 
The primary spectral distribution of speech ,ound. fall' 
between 200 and 6,400 Hz (Fletcher"). Secondly. sounds 
must be of suitable intensity. It "generally accepted that 
70 dBa re 2 X 10-' N/m' is the optimum volue of Leq for 
speech communicatioll. (At lower levels communication is 
hindered by missing cOIl,onafllsand at h'gher levelstl1e ear 
Lecom~, overloaded by the acuustical energy 01 the VOW1:1 

Thirdly, the level uf the acoustic signals murtbe 
ahnoe that of tli~ ombient noise level. Finally, 
,h()uld not b~ uistorted. ACOlJstica! distortion 

Methods of Improving Speech Intelligibility 



Sound Focussing ~nd Impedance Matcl'lin!l Devices 

EXPERIMENTAL FRAMEWORK 

Th'ec lypesol rellcc(ols Were tested: 

Iho ll,-,t,shown in Flg_ 1 wasconstructedforuseina 
"s heJdrholl~s bnd is henceforth called the 

It consISt, of two semispherical met,,1 
2 head-bond in such a way as to make 

r" sizes possible. Each cupwai 
IT cOLld fit clusely behind the ear. The internal 

IJter successively modified with 

I ~ 
4~--=-£-I-~ 
PLAN I 

I I 

ct()b 
ELEVATION '------ISOmm 

Fig.1. Hf'al,et reflector 

IIII ' II: I I I 
III I 

Fig. 2. Parabolicrefleetor 

ftaquency!Sound Level Tesh and 1he Amplification 
and Masking of Sound 



2.3 Oist.nte/Sound Lc~eI Tests &nd the Proportion of 
Direct and Reverberant Sound at the Ear 

The secol1d Type or "bjective test used w~s designed 
to 1est the ability of a raflector to increase the proportion 
of direct sound reaching the ear. Again uiingthe artificial 
head with iti inbuHt microphone the relationship between 
soundpressllrelevel,withandwithoutrefiec!or,al1ddistance 
ootween head and wurce was measured at thethi,d Dctave 
bands centred on 1,000, 1,600 and 6,300 HZ,atconst8nl 

2,4 ArticulB1ionTe5h 

present in a communication 
system SOUrC~ afld ~ receiver thare was,as 
,veil, a no;,e Ilelore" tr.st commenced the sound 
p'e"Urc le\'els 01 both the nDise and the signal al the 
pOSLT,onolthe,ublectwereind"pendentlys~tatdetermined 

i""pis, r~ndom no<'~ ot 60 dBI\ and signal level so that 
10'( 01 th~ time there was a sound pres~ure le~el of 60 dBA 
or above 

THE PERFORMANCE OF THE REF LECTORS 

Headset Reflecton: Amplification and M.sking 
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Fig.4. Experimental arr~ngement for articulation tests. 
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Fig.G. Comparison of headset reflecTor results at 
IR.T. ~2.3 ,ecs.) 

range the amplification wasbetween2and 14dB. Both the 
first and second modification increased th~ sound pr.,sure 
level, by more thall 7 dB over half the frequency spectrum; 
th".ein~rea,esb"in9inthemOslusefulpartolthesp9ctrum. 

Most interestingly the modifications have bettered the 
unaltered headset result at the third octave band centred On 
1,000 Hz by ~bout 50% and they have bridged tha trDugl1 
at the third octave band, centred on 1.600 and 2,000 Hz. 

3.2 Parabolic Reflectors: AmplificatiDn and Masking 

In this particul~r series of tests Ihe sound source was 
at 2,500 mm from the head and the reverberation time at 
the third octave band centred on 1,000 Hzwas 1,7 seconds. 
A third octave band Spec1ral-Jnalysis was taken <l number of 
times for the following conditions: no head without <lny 
rsflector, the head with the parabolic reflector and the head 
with the par~bolic reflector of increased curvature. In the 
last condition of increased curvature, itwasno longerpossi' 
ble to place the ears at the focal point, of the reflector. 

The presence of the refleclOrshasa marked effect on 

of 2.5 m dnd 1 malangiesofincidenceofO° and 90° 

the sound pressure receiv€d at the ear Isee Fig. 9) 
At 0° incidence the of both curvatures increase 
the sound level some to 5 dB from Ih~ third octave 
bond centred on 400 Hz to that centred on 1,000 Hz. As 
with Ihe head'et reflector the differences become negative 
around the centre of the spectrum. The effect of the 
different curvatures of the reflector> become' morked in 
the third octave bandshigherthanthatcentredon 1,600 Hz. 

Th~ differences are often negative in the case of the 
reflector of gre"ter curvature_ In the case of the reflector 
at less curvature, with focal point at the entrance to the ear 
canal,quitelargeamplificationsofsoundoccurJJarticularly 
at the highcrfrequencies, 5.5 to 12.5dB in the third octave 
bands above that centred on 4,000 Hz. 

From these results the importance of placingth" ear 
at the focal pOint of su~h p~,"bolic reflector, seems clear. 
At incidence 0' such a reflector will ampflfy the sound 
intenSity over most of the spectrum. At angles of 90° and 
above the reflector also offers conSiderable masking 
properties at the higher frequ.ncy band,. It appears that 



Fig.7. 

,so BOO 

greater curvature will produce greoter masking al lil"se 
angles of incidence. 

ParalJolic and Headset Reflector!: Percentage 
Aniculation Improvament 

'See page 36 fnr Table I 
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Fig. 8. ~~~,~~le~:~YSlS of TWO different modifications to the headset rnflcctor. R.T. ~ 0.7 s~cs. Dislallce ~ 2.000 mm. 
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DISCUSSION AND CONCLUSIONS 

Ii) Ihs ,igllificallca of the improvement 
(ii) why the reflectors give better re,ult, close to tile 

(iii) wh~t further improvcmem, could be made 

N 
I 

Of------ri------i~----~----~----__ i 
o \000 1000 3000 ~OO() 5000 

Fig.10 Diif€lenCeS le,w~n sound weSlure levels with and without" 150 rnm 
UlSlJrlCe 1,0m source for 1/3-<rctave band centred on 4000 H/ R,T. ~ 0.6 ,ecs 

,~fler.tor, plotted against 



The improvement in speech intelligibility obtained 
suing the reflectors will depend on the conditions existing 
in the room. The subjective tests carried out were for a case 
where the background noise level was high and thesubjact 
was close to the free field of the speech source and the 
noioe sour,ce. In this situation some shielding from the noise 
source and some aplifiCiltion of the source would occur. If 
the subject was well into the diffuse field of the noise and 
speech sources then a smaller increase in speech inlelligi 
bilily would be expected. 

This effecl can best be explained by reference 10 
Fig. 10 which plols the difference in sound lewl a'i measured 
by a 6 mm microphone when placed at the focus of a para· 
bolic refleclor and when used without the reflector. Close 
to Ihesourcelhedifferenceis large because that microphone 
is in the free field and reflector is focussing the sound at the 
miCfophone. further away tf>e microphone is in the diffuse 
field where the fOCIJ!iSed sound-level isle:;sthanlhediffuS2 
sound level. 

Further work needs 10 be done with more subjects 
to determine what improvements in speech intelligibility 
can be eXp<3cted in a range of situations. These wQuld 
include variations in the posilion of the speech source (both 
in distance and direction) and the noioe source, the reber 
beration time and the signal 10 noise ralio. Only when thele 
measurements are availabla will me true significance of the 
present concept be known. NeverthaleiS, We feel confident 

that improved versions of the ref!ecto~ tesled could be 
used 10 improve the performance of many audita ria. Sound 
oontrol, at t.h~ receiver is a viable method of improving 
speech IntelligibIlity. 

V. L. Jordon,Acousticai Dssign Consid9rQtionsof tileSvdney 
ope~ Houso, Journal and Proc •• din1l'lofth. RoyolSociety 
of New South Wal •• , Vol. 106.31-5311973) 
H. Haas, Ube' rhn Einflu .. ~n"" EifiM:hecilas "'" dill 
Hort»mkeir VOn Spnteile, Acustica. Vol. 1,49 (19511. 
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Wors/l,p, J. A'Klio. Eng. So<;. 18,J91'401 (1970). 

P. H. POTkin arw:l K. Morll"n, Assisted Reronance in the Royal 
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127-14,1119711 
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Percentage Articulation Scores 

% Articulation 
Subject 

Parabolic: 32 
htlist 72 " " 60 

56 52 
66 " 

6 Parabolic: 64 70 6 , 2nd list 56 64 6 
8 50 66 16 
9 56 66 " " 56 66 " 

list 3 

11 Headset: 66 62 6 
12 1st list 56 " 4 
13 32 30 2 
14 50 40 " 15 68 62 6 

16 Headset: 56 66 8 
17 2nd list " 66 12 
18 38 42 4 
19 46 62 16 
20 48 6 


